We calculate, in the context of a 3-3-1 model with heavy charged leptons, constraints on some parameters of the extra particles in the model by imposing that their contributions to both the electron and muon (g − 2) factors are in agreement with experimental data up to 1σ-3σ. In order to obtain realistic results we use some of the possible solutions of the left-and right-unitary matrices that diagonalize the lepton mass matrices, giving the observed lepton masses and at the same time allowing to accommodate the PontecorvoMaki-Nakagawa-Sakata (PMNS) mixing matrix. We show that, at least up to 1-loop order, in the particular range of the space parameter that we have explored, it is not possible to fit the observed electron and muon (g − 2) factors at the same time unless one of the extra leptons has a mass of the order of 20-40 GeVs and the energy scale of the 331 symmetry to be of around 60-80 TeVs.
Introduction
Both anomalous magnetic dipole moments (AMDM) of electron and muon a e,µ = (g − 2) e,µ /2, have been measured with great precision. We have a exp e = 1159652180.76(0.28) × 10 −12 for the electron, and a exp µ = 11659209(6) × 10 −10 for the muon [1] . The theoretical calculations within the Standard Model (SM) have reached the high level of precision of the experiments. On one hand, the calculation for the electron a e , considering only QED up to tenth order, gives the result of a SM e = 1159652181.643 × 10 −12 [2] , giving a difference of ∆a e = µ a difference that goes beyond three standard deviations from the experimental result. This difference between the SM prediction and the experimental value of the muon anomalous magnetic moment has been studied in many models. For instance, in other 3-3-1 models [6] [7] [8] [9] , left-right symmetric models [10] , supersymmetric models [11] [12] [13] [14] [15] and two-Higgs doublets models [16, 17] .
In particular, the 3-3-1 models are interesting extensions of the standard model (SM), since they solve some of the questions that the SM leaves without answer. For example, among others, the number of generations, why sin 2 θ W < 1/4, and electric charge quantization. The models have also interesting consequences in flavor physics [18] [19] [20] and, in particular, those 3-3-1 models with quarks with electric charge -4/3 and 5/3 (in units of |e|) have at least one neutral scalar which can appear as a heavy resonance that could be observed at LHC [21] [22] [23] [24] . The model has new singly and doubly charged vector bosons that can also appear as LHC resonances [25] . At the same time that the agreement between the experiment and the SM for the electron AMDM gives us confidence in the correctness of the theory, the disagreement in the muon case suggests that there may be effects unaccounted by the SM, or it is still possible that such effects come from new particles and through their interactions with the already known particles. For instance, the contributions of heavy leptons to the a µ factor have been considered in gauge models since Refs. [26, 27] . However, we should not forget that if the AMDM of the muon really implies new physics, its value should disagree with the SM beyond 5σ.
In the literature, when the explanation of the observed value of the muon a µ is based on new physics, its effects in the electron a e are usually not taken into account. It is explicitly assumed that these effects do not perturb the values of the electron AMDM. Here we will show that, at least in this particular model, it is not possible to fit the ∆a e and ∆a µ with the same parameters considering 1-loop order calculations, unless one of the extra leplons has a mass of the order of GeV and the energy scale of the 331 symmetry is of tens of TeVs. Also, usually in literature the charged lepton masses are neglected, thus allowing to obtain simple expressions for the ∆a µ . In the latter cases, ∆a µ (X) ∝ m 2 µ /M 2 X . Although this case seems to be reasonable, it is a quite optimistic one. See Sec. 5 for a more detailed discussion.
Here we will consider the contributions to both a e,µ in the context of the 3-3-1 model with heavy leptons (331HL for short). For more details of the model see Refs. [28] and [29] . An important issue, that in general cannot be neglected in 3-3-1 models, are the contributions of the scalars and pseudo-scalars, since sometimes there are important positive and/or negative interference with the amplitudes involving other particles in the model [30] . However, in the 331HL that we are considering, since there are no flavor violating neutral currents in the leptonic sector, these vertices are proportional to the lepton masses and thus they are negligible. This is because, unlike the minimal 3-3-1 model, there is only one source for all lepton masses.
The outline of the paper is as follows. In the next section we review briefly only the lepton and scalar sectors of the model. In Sec. 3 we show general expressions of each of the contributions for the MDM of a given charged lepton, which we identified with the electron or the muon. In Sec. 4 we give the parameters that are used in the calculations with the interactions given in the Appendix B, and the last section is devoted to our conclusions. In Appendix A we show the scalar potential.
The 3-3-1 model
Models with gauge symmetry SU (3) C ⊗ SU (3) L ⊗ U (1) X present new possibilities for the electroweak interactions. Here we consider the 3-3-1 model with heavy charged leptons (331HL for short) in which there are new exotic quarks and leptons. Moreover, to give mass to all the particles, more scalar fields are needed. Hence, these models are intrinsically multi-Higgs models. In this model the electric charge operator is given by Q/|e| = T 3 − √ 3T 8 +X, where e is the electron charge, T 3,8 = λ 3,8 /2 (being λ 3,8 the Gell-Mann matrices) and X is the hypercharge operator associated to the U (1) X group. Below, since the quarks and gauge bosons are the same as in the minimal 3-3-1 model, we only present the scalar and lepton content of the model, with its charges associated to each group on the parentheses, in the form (
The minimal scalar sector for the model is composed by three triplets [28] :
of the minimal 331 model, with less triplets than usual, are in trouble with phenomenology [31] , thus we use the three scalar triplets above. The leptonic sector have three left handed triplets and six right handed singlets: Ψ aL = (ν a l a E a ) T L ∼ (1, 3, 0) and the respective right-handed singlets ν aR ∼ (1, 1, 0), l aR ∼ (1, 1, −1), and E aR ∼ (1, 1, 1) , where a = e, µ, τ . Here ν a , l a denote the usual leptons and E a new leptons with positive electric charge. Primed fields denotes symmetry eigenstates.
-3 -The Yukawa Lagrangian in the lepton sector is given by:
where G ν , G l and G E are arbitrary 3 × 3 matrices. From (2.1), we obtain the Yukawa interactions given in Appendix B and the mass matrices for the leptons, which are given by M l = G l |v ρ |/ √ 2 for the l -type leptons and M E = G E |v χ |e iθχ / √ 2 for the E -type leptons (the neutrinos are massless at this stage). For simplicity we are assuming the G E matrix to be diagonal. In this manner, for our masses to be real, we need that the elements of the G E matrix to have the form (G E ) ii = |G E | ii e −iθχ , which implies
Notice from Eq. (2.1) that in the 331HL model there are no flavor changing neutral currents mediated by scalar fields. Notice that neutrinos have all the ingredients for a type I seesaw mechanism. Moreover, we note that the interaction E aL ν bR η + 2 does exist and, as we will show later, it is important to make the extra leptons E unstable.
The mass eigenstates for the non-exotic leptons are obtained as
, and l = (e, µ, τ ) (the neutrinos symmetry eigenstates corresponds to the mass eigenstates). These V l L,R matrices diagonalize the mass matrix in the following manner:
Possible solutions for the V l L,R matrices and the G l matrix can be found in [29] and [32] . To find these solutions it was considered |v ρ | = 54 GeV and |v η | = 240 GeV, as in Ref. [30] , these will be used in our analysis of the muon and electron AMDMs. Since the masses of the exotic leptons are unknown, we cannot find such solution for them and for this reason, as we said above, we considered their mass matrix diagonal. Although neutrinos get mass, say by the type-I seesaw mechanism [33] , because of the small neutrino masses, the effect of unitary matrices in the vertices involving singly charged scalars, for all practical processes, is negligible in its non-diagonal elements: they are suppressed by the small neutrino masses. The neutrino masses are not of direct interest for the calculation of the AMDM thus, we only note that if V ν L , is the matrix which diagonalize the active neutrino masses, we can define the PMNS matrix as
Then, it is possible that accommodate both P M N S and the active neutrino masses as it was done in Refs. [32, 33] .
MDM in the 331HL model
In the 331HL model, the main extra contributions to MDMs arise from the heavy leptons, several scalars and vector bileptons (see Fig. 1 ). Here we present the one-loop contributions due to these particles in the model. We consider the scalar-lepton vertexes to have the form i(S ξ + P ξ γ 5 ) where ξ = h i , A 0 , Y . We present the general result below, valid either for the electron or for the muon (the diagrams were calculated in the unitary gauge). The full result comes from considering all the possible one-loop diagrams involving any exotic lepton, scalar or vector particles. We will verify if only the extra contributions in the 331HL model are enough to satisfy the constraints in Eqs. (1.1) and (1.2). In this case, all the considered diagrams are those shown in Fig. 1 . The muon MDM has been considered in the context of other 3-3-1 models in [6] [7] [8] , however, there the authors did not consider the lepton mixing and also the constraints coming from the electron (g − 2) e . As can be seen in the matrices shown in Secs. 4.2.2-4.2.5, it is possible that there are important non-diagonal entries in the matrix V l L . Moreover, solving the muon ∆a µ discrepancy and at the same time giving contributions compatible with ∆a e is not a trivial issue, at least in 1-loop order.
As said before, we consider only the extra diagrams present in the model as being responsible for the new contributions to the ∆a µ , such that
where a 331 i includes diagrams with at least one of the extra particles in the model. They are shown in Fig. 1 .
Scalar contributions
Unlike the minimal 331 model, in the present one there are no FCNC through the Higgs exchange. In this situation a neutral scalar S has only scalar interactionsf f S, and a pseudo-scalar A has only pseudo-scalar interactionsf γ 5 f A. We will denote the respective factors S l ξ(ζ) and P l ξ(ζ) where l denote the external lepton and ξ, or ζ, denotes the scalar in the loop.
First, we consider the case in which there is a neutral or charged scalar, denoted by ξ, in the loop. When the photon is connected to the fermion (f ) line we have: 2) and depend on the type of the scalar, Q I (m I ) is the electric charge (mass) of the internal lepton. We have defined 
In the case when the boson is a singly or doubly charged scalar, there are also diagrams in which the photon is connected to the scalar line. In the case of Y −− we obtain
with λ U l = m l /M U , where M U is the mass of the U −− µ (E); U l = m I /m l , E I = E e , E µ , E τ . We have both vector and axial-vector couplings:
where we have defined h(x) = 2x 2 + x − 3. The factor G U U A = −2e, see Eq. (B.9), and A l U and V l U are given in Sec. B.4. There is only one diagram of this type, that with U −− in Fig. 1 .
For the case where the photon is connected to the fermion line there are two diagrams in Fig. 1 , one with Z and the other with U −− :
where X = Z µ , U −− µ , andM is the mass of the vector boson, Q I is the electric charge of the fermion internal in the loops, λ X l = m l /M X , with
In ( .1), where ∆a e,µ are given in (1.1) and (1.2), respectively, in such a way to obtain µ 331 +µ SM = µ exp within 1 to 3 standard deviations. Before we show our results, let us consider what sort of heavy leptons the E l are in the present model.
Decays of the extra charged leptons
The experimental searches of new charged leptons have considered three scenarios in order to put constraints on the masses of this sort of particles [1] : i) sequential heavy leptons, in which these particles are assumed as belonging to a fourth generation where either the neutrino partner is considered stable, or the heavy leptons decay into active neutrinos via mixing; ii) stable heavy charged leptons; and iii) long lived heavy charged leptons. In situation i) the lower limit on the mass of such particle is 100.8 GeV; in ii) it is 102.6 GeV, and finally in case iii) it is 574 GeV. In the present model the heavy leptons E ± are not stable but may be long-lived depending on the their masses and on the masses of the scalar bosons that mediate their decays. In particular, we note that the lower limit on the mass of a sequential heavy charged leptons, 100.8 GeV at 95%, was obtained using the decay − → W − ν l [1] . However, in the present model, as we will show below, the decays are mediated mainly by extra charged vector and scalar bosons and, for this reason, it is not straightforward to apply this limit on the masses of E ± in the present model. Besides, in the 331HL there are three of such leptons and only one of them can be constrained by the experimental searches.
The lepton triplets in terms of the symmetry eigenstates (primed fields) are Ψ aL = (ν a l a E a ) T ∼ (1, 3, 0), a = e, µ, τ [28] . Usually it is assumed that the leptons E + a are antiparticles and thus
and the other particles having L = 0, or +1. In this case the model has a global custodial symmetry U (1) L under which some particles (including the usual ones) are L = 1 (antiparticles L = −1) and the other ones as in Eq. (4.1). We can also use the global symmetry
However, we can assume that the leptons E + a are particles,à la Konopinski-Mahmoud [35] , and assign it L(E + a ) = +1. In this case the lepton number is the same for all members in lepton triplets, and L(J, j, η
are odd, and the rest of the particles are even. The electroweak symmetries of the model is
In this section we call "exotic" the particles that are odd under Z 2 , otherwise they are "normal" particles. Now, Z 2 is the custodial symmetry.
At first sight, the custodial discrete symmetry implies that the lightest exotic charged lepton should be stable. There are interactions that produce E + → V + ν L and E + → U ++ l − but both vectors, V + and U ++ , cannot decay only into know quarks or leptons,
Moreover, these vector bosons can also decay into one exotic quark and one known quark, V + →ūJ and U ++ → uj. We can see from Eq. (2.1), that the interactions with charged scalars are similar, they involve also one normal and one exotic particle:
which are allowed since η + 2 and χ + are odd under Z 2 . However, η + 2 and χ + decays also into one normal particle and one exotic one. Hence, the lightest E + cannot, at first sight, decay at all.
However, we note that the quartic term a 10 (χ † η)(ρ † η) is allowed in the scalar potential and it implies a mixing among all the singly charged scalars [36] (See appendix A):
Notice that the term χ + η 0 ρ − η 0 breaks the Z 2 symmetry. Moreover, if a 10 = 0, all the singly charged scalars mix in the mass matrix and since the interactionν L E R χ − does exist, see Eq. (A.2), the decay E
l is now allowed, where h + is a charged scalar mass eigenstates that couples with the known leptons (we have omitted the matrix element that projects χ + onto h + ). The decay of any E through charged scalars is shown in Fig. 2 . A rough calculation of the decay, based on the result for the muon decay µ → 2ν + e, is given by
where m Y is the mass of the lightest singly charged scalar, and C denotes the couplings between the Y scalar and the fermions. We see that with the reasonable values: C = 10 −1 , m E = 20 GeV and m Y = 500 GeV, we obtain τ E ∼ 2.4 × 10 −11 s. If we assumed the values for the masses used in our plots in Sec. 4.2, we would get even shorter lifetimes for the exotic leptons. The channel into one charged lepton and two active neutrinos is open even for the lightest of the leptons E + a and thus it is not long lived anymore. The issue of the stability of exotic fermions deserves a more detailed study that will be published elsewhere. However, the above discussion leaves clear that the usual experimental data are not applicable, at least in a straightforward way, in the present model.
Numerical results for the AMDMs
Here we will present the numerical results of the AMDMs for both, muon and electron, showing which parts of the parameter region satisfy the experimental results. We will consider five different scenarios, each with a different set of diagonalization matrices for the leptonic sector (see Appendix B.1 for more details). When the masses of the exotic particles are not explicitly mentioned in each plot, it means that they were fixed as: m Ee = m Eµ = m Eτ = 500 GeV, m Y . We have tried several values for the scalar couplings, but they have given no noticeable change in our plots, that is because the U ++ contribution dominates (see Fig. 19 ). The masses of the gauge bosons (U ±± and Z ) have their values defined by the value of |v χ |, since its other parameters are already fixed (see [37] for details). According to [1] , the lowest lower limit on the mass of the Z boson is 2.59 TeV, assuming it has the same couplings as the Z boson, which implies |v χ | > 665.13 GeV [30] . Here we will show that in the present model a stronger lower limit for v χ is obtained and that, at least with the values of the matrices V l L used, it is not possible to fit both (1.1) and (1.2) at the same time within 1σ at the one loop order and if all extra leptons should be heavy with masses larger that 100 GeV and if the 331 symmetry is realized up to some few TeVs. In fact, we show that it is a e which imposes a higher constraint on v χ .
We must remind the reader that the CP violating phase in v χ , in the form cos θ χ , is present in some of the vertices, however, in a previous work considering the 331HL model [29] , we found that such phase should be no greater than 10 −6 , therefore we are considering in this work, for the sake of simplicity, θ χ to be zero.
Diagonal V l
L,R matrices The simplest solution possible is to assume that the leptonic interactions are diagonal in flavor, i.e., the symmetry ans mass eigenstates are the same. In Fig. 3 we vary the mass of the exotic lepton E e , fixing the masses of the other two. In a similar manner, in figure  4 we vary the mass of E µ and in figure 5 we vary the mass of E τ , fixing the other masses. The blue, green and cyan regions show values for the parameters where the 331HL-only contributions for the muon MDM agrees with the difference between the experimental results and the SM prediction within 1σ -3σ, respectively. In a similar manner, the red, orange and yellow regions show values where the 331HL-only contribution for the electron MDM agrees within 1σ and 3σ, respectively. It can be seen in the figure that there are solutions for the muon up to 1σ and for the electron up to 2σ. However the 1σ and 2σ regions only overlap for low values of m Ee , less than 40 GeV, and v χ around 80 TeV. These are not unrealistic solutions because an extra charged lepton lighter than 40 GeV may still exist depending of the respective couplings with the known particles, and v χ may have a value of 60-80 TeV such that Z and bileptons V, U will be only of a few tens of TeVs (See Eq. 4.12). Although this model has a Landau-like pole at an energy of around 4 TeV [38] this only indicates the energy at which the model loses its perturbative nature. This situation does not change too much when realistic values for the matrices V l L are considered.
It is expected that high values for the exotic leptons and bosons masses would lead to results similar to the ones found in the SM, where the electron MDM deviates from the experimental results by 1.3σ. It can be seen in Fig. 3 
We can use realistic unitary matrices which satisfy the condition
. Below we will consider four types of parametrization of these unitary matrices.
1st set of V l L,R matrices
The diagonalization matrices used in this set are: Figs. 6 and 7 shows us only solutions for the muon. Meanwhile, in Fig. 8 we have solutions for the electron up to 2σ. These solutions intersect with the 3σ solutions for the muon for values of m Eτ smaller than 20 GeV and v χ greater than 140 TeV. As for the 3σ solutions for the electron, they intersect the muon 2σ region for m Eτ < 50 GeV and v χ ∼ 90 TeV. Similar to the first set of matrices, the plots where we vary m Ee and m Eµ (Figs. 9 and 10) show only muon solutions, while in Fig. 11 have solutions for both electron and muon that overlap. The situation is similar to the 1st set of matrices, now with a broader range of values for v χ . Better than before, now the 2σ electron region and the 1σ muon region are overlapping, for values of m Eτ 15 GeV and v χ ∼80 TeV.
3rd set of V l L,R matrices
The diagonalization matrices used in this set are: Although we considered all the contributions to the ∆a e,µ in 1-loop in all these scenarios, assuming different sets of diagonalization matrices for the leptonic sector, it is easy to convince ourselves that the larger ones come from the doubly charged scalar Y −− and vector U −− (see Figs. 18 and 19) . In fact, from the vertices in Eq. (B.2), we can see that the contributions of the neutral scalar are suppressed since they are proportional to the usual charged lepton masses (M l /v ρ )O ρ1 . The pseudo-scalar vertex is proportional to (M l /v ρ )U ρ3 , thus may be larger than the scalar one but still very suppressed. The vertex of the singly charged scalar Y − 1 is also proportional to (M l /v ρ ), and in this case there are additional suppression factors cos βV l L , see Eq. (B.3). Given that the singly charged scalar contribution is negligible, the introduction of the a 10 term in the scalar potential bring no significant change to our results, but it is necessary for the width decay of the leptons E + . We recall also that in this model the Z has its coupling with the known charged lepton suppressed, because they are proportional to 1 − 4s 2 W , as can be seen from Eq. (B.15) (Z is leptophilic in this model).
In the case of the doubly charged scalar Y −− , it has interactions proportional tô M E /v ρ > 1, see Eq. (B.4). Finally, we note that the doubly charged vector bilepton, U −− has vertices that are proportional to gV
L , see Eqs. (B.12) and (B.13). Hence, our results also depend on the values of the matrices V l L , which we considered.
Most studies of the possibilities of the 3-3-1 models for solving the muon anomaly have considered that the interactions are diagonal in flavor, the scenario we addressed in Sec. 4.2.1. These authors obtain solutions with low masses for the particles in their models. These interactions are characterized by a coupling strength denoted by f in Ref. [3] from where some authors take off the results for the Feynman diagrams. However, in a particular model, the mass eigenstates appear only after diagonalizing the mass matrices, in doing so the coupling strength f is related to masses of the internal particles in the diagrams and to the unitary matrices that diagonalize the mass matrices. Thus, they are not anymore arbitrary. Moreover, in most works studying ∆a µ , usually only one type of exotic particle is considered to address the problem.
To make a comparison, we have calculated the contributions given only by U −− and Y −− (Figs. 18 and 19 ) considering diagonal interactions (i.e. V l L,R = 1). When considering only the vector U −− , although it solves the muon anomaly for v χ around 8 TeV, this does not happen for the electron MDM around the same value. From the bottom plot in the same figure, it seems that the electron MDM can be solved for higher values of v χ , but these values will not satisfy the muon MDM according to the upper plot. For the case where only Y ++ contributes, the muon MDM is solved for v χ ≈ 100 GeV while the electron is not solved for this value. So it seems that even with diagonal interaction the MDMs cannot be solved simultaneously.
Of course, our results are in the 331HL model and are not necessarily valid in other 331 models, and also for other values of the matrix V l L . However they indicate that the analysis in those models should be revisited. Not just because diagonal flavor interactions are the only ones considered, but also because of the effects these exotic particles may have on the electron MDM. The effects on both MDMs can be contradictory, as we have shown in this work.
Once we have determined the value of the VEV v χ we can calculate the vector boson masses [37] and m E using: [32] and an early reference is Ref. [39] . Considering only the largest contribution for the branching ratio to this process, we have
where
The actual experimental limit for this is BR(µ → eγ) < 0.057 × 10 −11 [1] . Imposing this limit on the above equation, while varying m E from 0 to 1000 GeV and v χ from 10 to 150 TeV, considering all the sets of diagonalization matrices from the sections above, we see that the whole range of values explored is allowed for the diagonal matrices and the first, second and fourth sets of matrices. As for the third set of matrices, none of the values explored for m E and v χ respects the experimental limit for the µ → eγ decay branching ratio. Given the simplicity of these results, we decided not to show the respective plots here.
Another potential source of constraints on the parameters of the model is the µ − e conversion in nuclei. It is easy to see that in the present model such processes do not occur at tree level, since there are no lepton violating neutral currents neither via neutral scalars nor through Z at this level. Hence, the conversion may happen at least at the 1-loop level. In general, the processes have two types of contributions, the photonic ones in which the photon connects the lepton violating processes occurring at 1-loop level with the nuclei, and the non-photonic ones which, instead of the photon, are mediated by heavy particles and imply four-fermion interactions as qqµe. Photonic and non-photonic contributions to the µ − e conversion involve diagrams similar to those in Fig. 1 . The photonic contributions deserve more careful study and are beyond the scope of this paper. In the non-photoinc contributions the leptonic loops should interact with quarks by flavor conserving neutral vector (Z, Z ) and/or scalars. Hence, these contributions to the µ−e conversion are already suppressed in the µ → eγ decay and they do not constraint anymore the parameters of the model. In this manner, even the rate 7.0 × 10 −13 of this conversion in 197 Au [40] is easily satisfied in the present model.
Conclusions
In this work we have shown the analytical and numerical results for the electron and muon AMDM at 1-loop level in the 331HL model, comparing them with the experimental results. In the parameter space that has been explored here we have found regions where only the muon AMDM coincides with the experimental value whithin 1σ, while for the electron case only solutions within 2σ and 3σ were found. Moreover, even when we found solutions for both electron and muon, the region where they overlapped required very low mass values for the exotic leptons, and this may be a very unlikely scenario. We recall that the masses of vectors Z and U −− are determined mainly by v χ once the other VEVs are already fixed, but for the heavy scalars their masses, as for the heavy leptons, also depend on dimensionless parameters. In this vein, we have used the charged scalars and heavy leptons masses as input in our calculations.
As we said in the previous section, the dominant contributions are due to Y −− and mainly to U −− . This can be appreciated in Figs. 18 and 19 , respectively. We can see from those figures that, even in these two cases, it is impossible to fit in 1σ both ∆a e and ∆a µ . At 3σ for the electron and less than 2σ for the muon it is possible to have an agreement with the experimental measurements. However, it leaves the electron case in the same footing as the muon MDM in the SM. For this reason we claim that it is not possible to fit both ∆ e,µ at the same time. For most of the values explored for the parameters, the contributions of the a 331 e increase the value of ∆a e . Other recent works have addressed the muon MDM in different but similar scenarios, in which smaller values for v χ and smaller masses for the extra particles were enough to explain the ∆a µ [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, none of them have considered at the same time the contributions for the electron MDM from the particles and parameters that solve the muon MDM.
One important difference with other works in 3-3-1 models is that usually the integrals from the Feynmann diagrams were taken from Ref. [3] . However, the results in the latter paper are quite general and do not take into account details that are model dependent. For instance, they used directly the symmetry eigenstates basis, and in this situation the unitary matrices needed to diagonalize the lepton mass matrices do not appear in the vertices (nor does the VEVs that come from the diagonalization of the scalar mass matrices). Each contribution to the ∆a µ coming from new particles were given just as follows:
where M is a mass of one of the particle in the loop and I an integral on the Feynman parameter x, also depending on parameters as and λ defined in Sec. 4. In some of the references above, this integral is simplified, turning into a numerical factor. Besides that, in these works all vertices are reduced to the exotic particle with mass M , coupling to muons with coupling strength f . In our case, the mass eigenstates particles in the diagrams are obtained from the symmetry eigenstates and the unitary matrices relating both basis appear in the vertices. Here these matrices are incorporated in the factors S, P when the fields are (pseudo)scalars and V and A when they are the vectors.
For instance, in Ref. [6] the masses of all internal fermions in the loops are neglected in the reduced m331 model. This could be done because in this model the only internal fermions are the known leptons. In the m331 model (reduced or not) the interactions with the doubly charged scalar or vector boson have non-diagonal vector and axial-vector interactions that have not been considered in most works mentioned above. Moreover, in [6] the only mixing matrix in the lepton sector is the PMNS. The effect of this matrix is nullified by the small neutrino masses and the unitarity of the PMNS matrix. On the other hand, in the minimal 3-3-1 the charged current coupled to U ++ is
where l = (e, µ, τ ) T and
We see that there are non-diagonal vector currents and the unitary matrices are such that
is an extreme fine tuning to assume that V U is the unit matrix. Hence, in the minimal 331 model it is not advisable to neglect the lepton mixing.
In the model explored in this work this type of current involves E and l, and V l L , see Eq. (B.12). For instance, in [41] it is shown that the doubly charged scalar may solve the muon anomaly, using scalars with masses around hundreds of GeV's. The scheme in [41] could, at first sight, be realized in the m331. It is so because in that model, a singlet doubly charged scalar (under the SM symmetries) belonging to sextet couples only with right-handed charged leptons, i.e., the respective interactions are (
where G S is the Yukawa matrix in the interactions of leptons with the scalar sextet. Moreover, G S is not proportional to the charged lepton masses because they have another source of mass: the interactions with the triplet η. Hence, the arbitrary matrix V lT L G S V l R has to be taken into account in the m331.
Another example, in Ref. [7] , were considered solutions to the muon anomaly in the context of the minimal 331, the 331 model with heavy neutral fermions, and the 331 model with heavy charged leptons but with five left-handed lepton triplets, thus the latter one is different from the 331HL model here considered. Again, the results are all approximated and since all flavor mixings are neglected their results are, as before, of the form ∆a µ ∝ m 2 µ /M 2 . The masses of the usual charged leptons can be neglected in the loops because they appear as µ = m ν /m µ or λ l = m µ /M . The first is negligible by the neutrino masses and the second by the value of M . Another important point to be stressed is that, in [7, 8] not all the particles in each model are considered. Moreover, it happens that in the model they were considering, the importance of the scalar contributions cannot be neglected a priori because they depend on the Yukawa couplings through the unitary matrices that diagonalize quarks and lepton mass matrices, as discussed in the previous paragraph. For instance, in the m331 there are FCNC via the scalar sector, and in this case the scalar contributions may be as important as in the quark sector [30] .
We must put in context our results. On one hand, they were obtained in the 331HL where there are no flavor changing neutral interactions in the lepton sector. Moreover, unlike in the m331, the singly charged vector bilepton V + does not contribute to the MDM of the known charged leptons. For example, this is not the case with the m331, where there are more scalar multiplets and FCNC in the lepton sector via the exchange of neutral Higgs. On the other hand, they were obtained using the matrices V l L in in Sec. 4.2. The matrices V l R which we presented are possible solutions, they may have other values and it is possible that these values might imply solutions for both MDMs. The moral of the story, is that besides the unitary matrices, the MDM of the electron must be taken into account when solutions for the case of muon are proposed, once both MDMs may be incompatible. Otherwise, the results cannot be considered definitive because they depends also on the solutions for the matrices V l L,R and different solutions imply different lower bounds on the phenomenology of the model [32] .
The symmetry eigenstates are related to the mass eigenstates h
2 by the orthogonal matrix U which we will not write explicitly here. We just write the symmetry eigenstates x + = η 
B Interactions

B.1 Lepton-scalar vertices
In the following equations we denote:
. Since in this model there is only one physical pseudo-scalar we denote A 3 ≡ A 0 . When h 1 is the scalar with mass about 125 GeV, with O ρ1 = 0.42, see [30] . Here we have the form factors appearing in (3.2) (i fixed)
Notice that the scalar h 1 has no P vertex and the pseudo-scalar A 0 has no S vertex because in this model there are no FCNCs in the Higgs sector. Hence, they cancel out. This is not 
where U 1 (U 2 ) represent the projection of a given singly charged scalar into Y 1,2 . Finally, for the doubly charged scalar we havelEY −− → i(S Y + γ 5 P Y ), with
where the constants V l S and A l S are defined in Sec. 2. We assumed that the heavy leptons are in the diagonal basis, M E =M E and that in (B.4), the v χ is real, i.e., θ χ = 0.
The numerical values for the V l L,R matrices were obtained in Ref. [29] and [32] . The different sets os matrices considered can be seen in Sec. 4.2.
In the interactions above, the matrix V l R and the matrix for the Yukawa couplings can always be eliminated by using the mass matrix. This behavior is typical of the present model in which there is no flavor changing neutral currents. In the m331 one, V l R survive in some interactions with scalars. Again, this is a consequence that in the 331HL model there are no FCNCs in the scalar sector.
The extra factors in the interactions above come from the projection on the SM-like scalars, see [29] for details.
B.2 Scalar-photon vertices
From the lepton Lagrangian we may find the interaction with photon of the known leptons, l(e µ τ ) T and extra leptons E = (E e E µ E τ ) T :
and identify the electron charge as
where e is the modulus of the electron charge and t 2 = s 2 W /(1 − 4s 2 W ). Now, from the covariant derivatives of the scalar's Lagrangian we can find the vertices for the interactions between scalars and photons:
The terms k + and k − indicate, respectively, the momenta of the positive and negative charge scalars, and both should be considered incoming into the vertex.
B.3 Gauge vertices
For three gauge bosons denoted generically by X, Y and Z, with all momenta incoming (denoted by k), the vertex is:
The proportionality constants are:
where s W , c W and t W are, respectively, the sine, cosine and tangent of the weak mixing angle, θ W .
B.4 Charged gauge-lepton interactions
The Lagrangian terms for interactions among charged gauge bosons and leptons may be written as follows:
• ν-type and l-type leptons:
for i = 1, 2, 3 and j = 1, 2, 3 and V P M N S is the Pontecorvo-Maki-Nagaoka-Sakata matrix. We use the values from [42] . We note that because of the small neutrino masses the unitarity of the matrix V P M N S erases the effects of the lepton mixing. Since the neutrino masses are rather small, the non-digonal interactions in (B.10) vanish because V P M N S is an unitary matrix.
• E-type and ν-type leptons:
. U ν L is the unitary matrix relating the active neutrino symmetry eigenstates with the mass eigenstates. We also assume that the heavy leptons are in the diagonal basis.
• E-type and l-type leptons:
for i, j = 1, 2, 3 and V l L is given in Sec. 4.2. Notice that in this model
.
B.5 Neutral gauge-lepton interactions
Considering the following Lagrangian for the neutral interactions:
where ψ i can be any lepton mass eigenstate, we find the g i V , g i A , f i V and f i A to be: The extra charged leptons are vectorial with respect to Z and Z . Notice also that the Z is leptophobic with respect to the usual charged leptons. =1000 (all in GeV). The masses of the exotic gauge bosons (U ±± and Z ) have their values defined by the value of v χ , since its other parameters are already fixed (see [37] for details). =1000 (all in GeV). The masses of the exotic gauge bosons (U ±± and Z ) have their values defined by the value of v χ , since its other parameters are already fixed (see [37] for details). =1000 (all in GeV). The masses of the exotic gauge bosons (U ±± and Z ) have their values defined by the value of v χ , since its other parameters are already fixed (see [37] for details). =1000 (all in GeV). The masses of the exotic gauge bosons (U ±± and Z ) have their values defined by the value of v χ , since its other parameters are already fixed (see [37] for details). We also assume that both V L,R are the unit matrix and m Ee = m Eµ = m Eτ = 20 GeV. We see that the muon MDM only has solutions for v χ ≈ 100 GeV, while the electron MDM has no solutions for this value. Figure 19 . ∆a e (upper graphic) and ∆a µ (lower graphic) taking into account only the contribution of the doubly charged vector boson U −− as function of v χ , with 0 < v χ ≤ 50 TeV. We also assume that both V L,R are the unit matrix and m Ee = m Eµ = m Eτ = 20 GeV. It can be seen that the muon MDM is solved for v χ around 8 TeV, a value that does not solve the electron MDM.
